There is an increasing concern about agriculture's role in polluting the environment which makes farmers feel guilty about using fertilizers. Fertigation is proposed as a panacea to this dilemma, which by this practice reaffirms the principles of 4Rs which are the right source, at the right rate, right time and right place. The aim of this study was to explore constraints and opportunities for its application in developing countries for environmentally friendly fertilizers application. It is a review of literature from government reports, legislature and published material on fertilization and irrigation initiatives of developing countries which include Rwanda, Nepal, Suriname, Zambia, Panama, Tanzania, Sri Lanka and South Sudan in addition to the case presented of China during the "2016 Environmentally Friendly Fertilizer Production, Application and Demonstration from Developing Countries" training course. The study found that in developing countries there is potential to apply fertigation as a way of environmentally friendly fertilizers application as it has been adopted in China. These opportunities include the following: Abundant natural resources like land and water, less polluted environment, conducive agricultural policies, zero duties levied on imported irrigation equipment. 
Introduction
There is an increasing concern about agriculture's role in polluting the environment which makes farmers feel guilty about using fertilizers [1] . Intensification of agriculture by irrigation and enhanced use of fertilizers may generate pollution by increased levels of nutrients in underground and surface waters [2] . Inorganic fertilizers have been reported as potential sources of pollution which upset the balance of the ecosystem. With fertilization nitrogen-oxide, a greenhouse gas, can escape into the atmosphere, nitrates can leach into the groundwater, surface runoff water from the fields can transports phosphorus, ammonia and nitrate to water reservoirs and rivers [1] . In developing countries, agriculture has been a judicious driver of well-being for centuries, ensuring food security and catalyzing productivity required for economic success [3] . Consequently, reducing fertilizers input can lead to reduced plant growth while aggravating problems such as soil erosion though in developing countries there is a need to improve agricultural productivity and water resource use efficiency for meeting food demand and environmental sustainability. From this respect fertigation is proposed as a panacea to this dilemma whereby this practice reaffirms the principles of 4Rs which are right source, at the right rate, right time and right place [4] .
Nutrients and water are considered to be the major components of plant growth. Habitually nutrients are provided to plants by fertilizer after some processing and conversion into available form and water facilitates the distribution of fertilizer as well as fulfills the water requirement of plants [5] . Source of fertilizer and water could be both natural and artificial by human effort. However, many factors like timing, quantity, quality and distribution determine whether the fertilizer and water provided to the plants and crops is appropriate or not [6] . Sometimes, the results are good and sometimes the results are not as expected or bad. If the watering is insufficient, fertilizers cannot reach the roots and excess watering makes the fertilizer leach down much lower than the root levels and in both cases the plants cannot get sufficient nutrients required for growth. Both less or excess watering cases are unfavorable to the plants as well as environment as volatilization or esterification take place causing nutritional deficiency of plants and pollution of environment.
System of fertigation has been developed to tackle this imbalanced situation and take control of supply of nutrients and water to plants with proven results [2] . Fertigation basically means injection of fertilizers, soil amendments, and other water-soluble products into an irrigation system. In other words, appropriate amount of fertilizer and water are supplied to the plants just according to the requirements [7] . This fertigation system has multifold benefits like, it is very efficient in supplying nutrients to the plants while it is economic with lower cost on labor and fertilizer, and it is environmentally friendly as well.
Developing countries have potentials for agricultural production with of course some limitations. However, these are poorly known or miss interpreted. In developed countries the damage caused to the environment with fertilizers application is less compared to developed countries which insure the potential to prevent over-fertilization and pollution. It is hypothesized that the introduction of new technologies such as fertigation will bring even better results and a reduction in the consumption of fertilizers for grain production. This paper comes to highlight constraints and opportunities for application of fertigation for environmentally friendly fertilizers application in developing countries. This provides a baseline for further studies as well as investment plans of fertigation practice.
Methodology
This paper arises from combined effort of some participants in the training course on "Environmentally Friendly Fertilizer Production, Application and Demonstration from Developing Countries" which was organized by South China Agricultural University and sponsored by the Ministry of Commerce of People's Republic of China in 2016. It is a review of literature from government reports, legislature and published material on fertilization and irrigation initiatives of developing countries which include Rwanda, Nepal, Suriname, Zambia, Panama, Tanzania, Sri Lanka and South Sudan in addition to the case presented of China during the training course. The main idea is to discuss constraints and opportunities of fertigation towards environmentally friendly fertilizers application. Data presented in this paper consist of background of these countries regarding important parameters that contribute to the success of a fertigation plan. Other peer reviewed publication were consulted to discuss countries conditions and how fertigation would leads to both fertilizers and water use efficiency as well as reducing pollution to the environment the practice known as "Environmentally Friendly Fertilizers application". The information was gathered in a systematic way whereby the first priority was given to a scientifically peer reviewed source of information (Peer reviewed papers). The second priority was given to the year of publication and thus recently published papers were highly considered. The third priority was given to the paper's response to the discussed issues.
Main Findings

Fertigation: An Overview
Fertigation refers to a method of fertilizer application in which fertilizer is in-corporated within an irrigation system [8] . Its development was driven by increasing labor costs, demands to prevent pollution and to minimize soil erosion, increasing reliance on saline water sources, and unfavorable soil quality and wind conditions . The fertigation technique has rapidly spread all over the world in the last 40 years [9] as a tool to supply the plant with its daily demand of water and nutrients as required by its specific growth stage throughout its development to achieve maximum efficiency of the fertilizer applied [10] . The main reported benefits of fertigation are: 1) Nutrients and water are supplied near the active root zone which results in greater absorption by the crops, 2) As water and fertilizer are supplied evenly to all the crops there is possibility for getting higher yield, 3) Fertilizer use efficiency is high which helps to save nutrients, 4) By this way, along with less amount of water and saving of fertilizer, time, labour and energy use is also reduced substantially [11] . Using this "spoon feeding" approach to fertilization, the units of fertilizer application in fertigation are calculated on the basis of individual plant demand expressed in units of milligram of nutrient (N, P or K) per day over the entire growing period. By adopting this approach, readily soluble nutrients can be supplied directly to the root volume thereby maximizing nutrient efficiency and minimizing over fertilization and leakage to underground water with possible damage to the environment. Fertigation is practiced extensively in commercial agriculture and horticulture [2] [8]
[9] [10] and in high-value crops such as vegetables, turf, fruit trees, and ornamentals. Fertigation is also increasingly being used for landscaping as dispenser units become more reliable and easier to use. Fertigation is used to add additional nutrients or to correct nutrient deficiencies detected in plant tissue analysis.
Fertigation in China
Fertigation receives a great deal of interest in China because of the potential to increase agricultural productivity, while at the same time, save water and nutrients. The technology has been initiated in China by the Chinese National Agro Dtechnical Extension and Service Centre (NATESC) and the International Potash Institute (IPI) in the late 1990s, responding to this need. From then a series of activities at farm and extension level to demonstrate the benefits of fertigation through publications, field experiments, training courses and famers' days were started. These efforts yielded a wide acceptance of fertigation by scientists, extension officers and policy makers in China [4] . It was highlighted by Thamara, Kumar [12] that maximum crop yield parameters can be obtained by application of water soluble fertilizers through fertigation. In recent years, fertigation has become more and more popular in the banana production areas in China, especially for the large-scale growers. Currently fertigation technology is widespread in China as an environmentally friendly fertilizers application method, particularly in the North and North-west regions, where water shortage is very serious [13] .
Study Countries General Background
Summary of respective study countries background information is presented in Table 1 . Agriculture lands in Tropical regions present a similar scenario in regard to arable % in relation to the total land area. The arable land in Tanzania, Nepal, Sri Lank, Rwanda and Zambia ranged from a minimum of 40% to above 60% against the total land area. Furthermore a similar scenario occurs among these countries towards contribution of labor to the agriculture sector (above 60%) than in any other sectors in their respective countries. The data is further supported by the considerable contribution of the agriculture sector towards the GDP to the majority of respective study countries. However, suffice to note that the scenario is somehow different from countries such as Panama, Suriname and South Sudan despite having similar tropical climates. These countries arable land % against the total land area is very minimal. All the three countries fall below 10% arable land against the total land area. Further they are coupled with low labor force in the agricultural sector and low contribution to the GDP's countries respectively. This can be attributed to a number of factors. Panama's canal provides the main source of their economic drive thus a driving force to maritime services. They in turn bring to the fore banking and commerce all providing 67% while agriculture provides 25% of employment respectively. Suriname's economy drive relays greatly on gold and oil exports. Hence its low agriculture significance contribution to its country's GDP. Equally South Sudan's dependence on rich petroleum and mineral deposits contribute to low agricultural activities despite potential in rich fertile arable land. 
Soil Considerations in Fertigation
Soil is a key element in fertigation as it can lead to its failure or success if it is not properly taken care of. Soil elements which need to be assessed before application of fertigation include: Soil moisture content as well as holding capacity, Oxygen regime, Soil texture and infiltration rate, Salt content in soil, Available nutrients in the soil as well as alkalinity and acidity. Soil texture will dictate the emitters flow rates and distance between them, when fertigation is done using drip system of irrigation. Table 2 presents soil characteristics for study respective countries. Oxisol is the most dominant soil type while most of countries soils are slightly acidic. The elevation is highly variable depending on the country however most countries are mountainous as far as topography is concerned.
It has been discussed that the actual water distribution from a point source in the field is very much affected by a number of soil related factors including the type and clay content of the soil, mechanical soil surface preparations, the soil's chemical composition, as well as lime content and salinity or sodicity development due to irrigation [14] . Soil acidity is the most critical soil condition since plants and soil micro-organisms have preferences for soil within certain pH ranges, usually neutral to moderately acid or alkaline [15] . According to FAO Acid soils are those that have a pH value of less than 5.5 for most of the year.
They are associated with a number of toxicities (Aluminum) as well as deficiencies (Molybdenum) and other plant restricting conditions. Merry [16] stated that pH measurement, are fundamental to understanding the nature and behavior of many soils which is also applicable when planning a fertigation system. Table 3 imported.
Types of Fertilizers in Fertigation
All mineral nutrients can be supplied to plant roots using fertigation. Generally, though, it is usually only the major nutrients-nitrogen (N), phosphorus (P) and potassium (K), that are supplied using this method, calcium (Ca), magne- The chemical compositions of soluble single-nutrient and compound fertilizers produced by the fertilizer industry are usually almost the same worldwide [10] . The use of fertilizers is not uniform in particular in developing countries only a minor group of farmers use synthetic fertilizers, while the majority produces at a subsistence level based on crop rotation, recycling of crop residues, organic wastes and animal excreta [17] . In South Sudan, comprehensive list of ongoing donor-funded capacity building and technical support is not available for the Ministry of Agriculture and the state government ministries responsible for the agriculture sector and the country is in civil war that is why agricultural sector is constrained by weak entrepreneurship base and the absence of commercial orientation with little fertilizer application has progressively lowered yields and depleted soils.
Water Sources and Pumping System
When you think of an irrigation system the first equation to solve is where your water source is and what is the proper pumping system to use as energy required for operating pumping stations in irrigation may be significant [18] . Table 4 gives the summary of water availability information in respective study countries. The main water sources in study developping countries are rivers and lakes, in addition to rainfall. In some developing countries irrigation system is available to use gravidity system, which is an advantage because it reduces the operational cost. In other places you can use the ground water however special equipments are needed for deep borehole drilling. For countries like Panama and Sri Lanka, the most common pumping systems used are diesel or gas centrifugal pumps due to the lack electrical energy in the production fields. This raises the need for adoption of solar panel system as a solution to this problem.
Currently this technology for pumping system in study developping countries has not been development.
Opportunities and Constraints for Application of Fertigation in Study Developing Countries
Data above presented show that in developing countries there is potential to apply fertigation as a way of environmentally friendly fertilizers application. These opportunities include the following: Abundant natural resources like land and water, less polluted environment, conducive agricultural policies, zero duties levied on imported irrigation equipment, Country's vigorous commercial and corporate farming sector accounting for two-third of irrigated area development.
However a number of limitations also are highlighted including: Lack of investment, lack of infrastructure, lack of information, requires expertise on plant nutrition and management of fertigation system, require soil analysis and proper interpretation which is done by experts and different requirements for different crops.
Conclusions and Policy Implications
Since both fertilization and irrigation are the most important factors in the agriculture and fertigation is one of the best and economic solutions, it should be made widespread in developing countries like ours. With one time investment on necessary simple equipment and accessories, farmers can save on labor, time, money and moreover, they can realize higher yield in harvest as the fertigation system provides nutrients in a balanced way. Considerable efforts have been concentrated on applying NPK fertilizers but current research should be centered to a "balanced crop nutrition" approach meaning that fertilizers supply considering other nutrients that are lacking in the soil.
Farmers should be made familiar to this system through trainings, radio and television programs, demonstration field visits. Special recognition to the products of fertigation farming system should also be given to encourage the producers by promoting these products to the consumers in terms of environmental benefits. Government of developing countries should provide technical support, easy loans and subsidy to farmers to setup fertigation systems.
Fertigation also seeks constantly modernized with respect to environmentally friendly fertilizers application system. It is important to monitor and study the crop and adepts its production techniques according to new research findings.
Last but not least welcomes the collaboration with national and international research institutes in order to further develop the knowledge of fertigation for environmental friendly fertilizers application and to make the acquire knowledge accessible to others. Results of this review apply also to developing countries having similar conditions as selected study countries.
